Background: The aim of the present study was to quantify the phytochemicals of Clerodendrum infortunatum root and correlate on the basis of phytochemicals present with other medicinal plants belonging to different families. Methods: Various standard biochemical and spectrophotometric methods were employed to study the phytochemical status of the root of C. infortunatum. All the analysis was performed in multiple sets. Various statistical methods like principal component analysis, dendogram, Euclidean distance and correlation study were done to compare the phytochemical profile of C. infortunatum with different selected medicinal plants belonging to different families. Results: Results indicated the presence of various phytochemicals like phenol, alkaloid, flavonoid, tannin, thiamine, riboflavin, etc. Among the estimated phytochemicals, phenol had the highest quantity (65.59±1.26 mg/g) followed by lipid (27.51±0.23 mg/g) and tannin (16.40±0.07 mg/100 g). The phytochemical contents of C. infortunatum are much higher than those of the other reference plants. Conclusions: It may be concluded from the present study that the root of C. infortunatum contains very high amount of phytochemicals which are chiefly responsible for various medicinal properties. Therefore, the presence of the bioactive compounds in high quantity may lead to the potent medicinal value of C. infortunatum root.
Introduction
A large number of herbal products around the world are used as alternative medicine. These herbal products are derived from medicinal plants and have immense contribution to the development of human health and welfare. Studies on several folklore herbs showed that plant extracts contain many compounds or phytochemicals which prevent many types of diseases and protect our health. A good number of plant species are being used by individuals and many tribal communities for the treatment of various diseases. The medicinal values of these plants mainly depend on the bioactive phytochemical constituents that produce physiological effects on the human body [1] .
Clerodendrum infortunatum Linn. is a shrub (0.9-2.4 m height) that belongs to Varbeaceae family. It is commonly known as 'Bhat' and is widely used as a medicinal plant. Clerodendrum infortunatum is abundantly found in India, especially in the sub-Himalayan region of West Bengal, Pakistan, Burma, Malaysia and Ceylon [2] . The leaf and root of C. infortunatum are very commonly used as traditional medicine and also used by some ethnic population of the sub-Himalayan Region, Terai and Dooars. The plant C. infortunatum is also used by the tribals of Chotonagpur region in preparing traditional expectorant pills [3] . Clerodendrum infortunatum is also used as antiperiodic, vermifuge, laxative and cholagogue. The leaf and root of this plant are extensively used against tumor and certain skin diseases. The plant is also useful against snake bites and scorpion stings [3] . Clerodendrum infortunatum has been widely used as tonic and anthelminthic agent in the countryside of northern India. The root of this plant has also been reported to possess diuretic, analgestic, anti-inflammatory, anti-tumor and antibacterial activities [4] .
Primarily, this species has got tremendous ethnopharmacological importance. It is used as traditional medicine to cure common ailments like bronchitis, asthma, fever, diseases of the blood, inflammation, burning sensation and tuberculosis and is hepatoprotective and antiepileptic in Indian folk medicine. Extract of the leaves is given orally in case of fever and bowel troubles among the Kuki and Rongmai Naga tribes of northeast India. Also, fresh leaf-juice is given in the rectum for the removal of ascarides. Leaves and flowers are used to cure scorpion sting. Rabha, Rajbanshi, Polia and Lepcha tribes of North Bengal use fresh rootbark of this plant to cure diarrhea. Kachari, Hmar and Riang tribes of Barak Valley and North Cachar hills use leaf extract in case of stomach pain and diabetes. The root paste is also used to treat inflammatory swelling. This species is abundantly available in the subHimalayan region of North Bengal and therefore easily available to the tribal people for use [3] .
This species is totally virgin in the field of pharmacological research. Therefore, we have attempted for complete phytochemical profiling both qualitatively and quantitatively like tannin, alkaloid, saponin, flavonoid, ascorbic acid, thiamine, riboflavin, carbohydrate, sugar, protein etc, of the aqueous and methanolic extract of C. infortunatum and correlate our data with different reference plants like Croton bonplandianus, Jatropha curcas, Jatropha gossypiifolia, Jatropha multifida, Jatropha podagrica, Lecaniodiscus cupanioides, Hippocratea welwitschii, Aloe ferox, Ecbolium viride and Justicia gendarussa, available in the Sub-Himalayan region of West Bengal, to give a clear picture regarding the position of this plant on the basis of phytochemicals found. 
Materials and methods

Sample collection
Sample preparation
The root of C. infortunatum was washed properly with doubledistilled water and air dried for several weeks. The dried root was grinded with mixture grinder. The final resultant powder was then stored in an airtight container. Various phytochemical experiments were performed with this powder sample by dissolving in suitable solvents accordingly. 
Chemicals
Qualitative and quantitative phytochemical profiling
Root powder was subjected to both qualitative and quantitative estimation of various phytochemicals like tannin, phlobatannin, alkaloid, saponin, flavonoid, ascorbic acid, thiamine, riboflavin, carbohydrate, sugar, protein etc. using standard chemical tests as described by standard protocols [5] .
Quantification of riboflavin content
Estimation of riboflavin content was determined by using standard protocol [6] . Ten grams of crude powder was mixed with 50% ethanol. After mixing properly, the filtered solution was mixed with 10 mL potassium permanganate solution (5%), and then 10 mL hydrogen peroxide (30%) was added to it simultaneously. Two millilitres of sodium sulphate (40%) was added to it, and the absorbance was measured at 510 nm using Rayleigh UV-2601 spectrophotometer.
Estimation of total ascorbic acid
Ascorbic acid was quantified by standard method [7] . Five grams of powder sample was mixed with 100 mL of TCA and ethylene diamine tetra acetic acid at 2:1 ratio. The mixture was centrifuged at 2000 rpm for 30 min, and after centrifugation, two to three drops of 1% starch indicator was added to the filtrate and titrated against 20% CuSO 4 solution until a dark end point was reached.
Estimation of thiamine content
Spectrophotometric method [8] was applied to determine the thiamine content. Fifty grams of powdered sample was dissolved in 50 mL 20% ethanolic sodium hydroxide. The solution was stirred over a magnetic stirrer for 3 h. After mixing properly, the filtered solution was mixed with 10 mL of 2% potassium dichromate solution.
The resultant colored solution was read at 360 nm against a suitable blank to estimate the thiamine content.
Determination of total alkaloid content
Quantification of total alkaloid content was done by standard method [8] . Five grams of sample powder was mixed with 250 mL of 20% CH 3 COOH in ethanol, and the solution was filtered. After filtration the resultant solution was placed on a hot water bath (60 °C) until the extract volume turns one fourth of its initial volume. Concentrated NH 4 OH was added dropwise until the precipitate formation was completed. The collected precipitate was dried in an oven and weighed to estimate alkaloid content.
Quantification of total flavonoid content
Determination of total flavonoid content was done according to the standard protocol [9] . Ten grams of powder and 100 mL of 70% methanol were mixed for 3 h. The remaining powdered material was re-extracted once again with 70% methanol and filtered in a similar way. All the filtrates were mixed and evaporated to dryness over a water bath of 60 °C and weighed.
Determination of total tannin content
Estimation of total tannin content was determined for the root of C. infortunatum according to the standard method [10] . Briefly, 1 g of crude powder sample was mixed with 50 mL of double-distilled water by magnetic stirrer for 10 h. Then the mixture solution was filtered. The filtered solution (5 mL) was mixed with 0.008 M K 4 [Fe(CN) 6 ] and 0.1 M FeCl 3 in 0.1 N HCl in a test tube. The absorbance was measured at 120 nm wavelength against a suitable blank, and tannic acid was used as a standard.
Quantification of total phenolic content
According to the standard protocol [9] the dry root sample needs to be fat free to quantify the total phenol content. Crude root powder (5 g) was mixed with 100 mL n-hexane and defatted using a soxlet apparatus for 2 h. The resultant solution was used for the determination of total phenol in the root of C. infortunatum.
After defatting, the fat-free sample was boiled with ether, and the resultant solution was filtered. Then 5 mL of the filtrate was mixed with 10 mL of double-distilled water, 2 mL of NH 4 OH solution and 5 mL of concentrated amyl alcohol with constant stirring. The total mixture solution was incubated at room temperature for development of the color. The absorbance of the solution was read at 550 nm against a suitable blank, and gallic acid was used as a standard curve for the determination of total phenolic content.
Estimation of total protein
Estimation of protein content in the root of C. infortunatum was done according to the standard method with slight modifications [11] . The OD was read at 750 nm using a suitable blank, and known concentrations of BSA were taken as standard.
Quantification of total lipid content
Determination of lipid content was done according to a standard protocol [12] . Dried root sample (1 g) was macerated with 10 mL distilled water. Thirty milliliters of chloroform-methanol (2:1 V/V) was added into it and mixed thoroughly and left overnight in room temperature. Again, 20 mL of chloroform and distilled water was mixed with the solution. The whole mixture was centrifuged at 1000 rpm for 10 min, and after centrifugation three layers were formed. The lower layer was collected, which contained chloroform containing lipid. The mixture was kept in an oven for 1 h at 50 °C for evaporation of chloroform, and the residue was measured to quantify the total lipid content.
Estimation of total sugar content
Estimation of sugar content was followed according to the standard method [13] . The powdered test sample (50 g) was macerated with 20 mL of ethanol and kept for incubation at 30 °C for 10 h. The mixture was centrifuged at 1500 rpm for 20 min, and the supernatant was collected. The alcoholic extract (1 mL) and 5% phenol solution was mixed, and 5 mL of concentrated H 2 SO 4 was added rapidly in the mixture solution with constant stirring. The whole mixture was allowed to stand for 30 min to develop the yellow orange color. The optical density of the solution was measured at 490 nm against a blank, and the standard curve was prepared using known concentrations of glucose.
Estimation of moisture and ash content
Estimation of moisture and ash content present in the root of C. infortunatum was determined by specific amount of sample to 90 °C for 12 h in an oven and at 400 °C-450 °C in a furnace for 5 min, respectively. The resultant solution was measured to estimate the moisture and ash content in the root.
Statistical analysis
All the experiments were performed in triplicates, and the data were reported as the mean±SE of the three measurements. Statistical analyses were performed using KyPlot version 2.0 beta 15 (32 bit). Our results were compared with already available data of phytochemicals of other plants belong to the same or different geographical regions. These reference data were taken from C. bonplandianus [14] , J. curcas [15] , J. gossypiifolia [15] , J. multifida [15] , J. podagrica [15] , L. cupanioides [16] , H. welwitschii [17] , A. ferox [18] , E. viride [19] and J. gendarussa [19] . Principal component analyses (PCA) was constructed using SPSS version 20.0 to find out any possible interrelation among the phytochemicals quantified in our study and also to compare the phytochemical status of our target plant with that of already published data of phytochemicals of other plants around the world. Accordingly, a Euclidean distance-based dendogram was also constructed using SPSS version 20.0.
Results
Qualitative and quantitative analysis of phytochemicals
The results of the qualitative analyses are represented in Table 1 . All the screened phytochemical parameters were present in the sample except saponin and phlobatannin. Based on qualitative analyses, only the phytochemicals that had been found to be present in the sample were quantified by standard protocols as mentioned above. The result of the quantitative analyses has been presented in Table 1 . Based on the quantitative values, the individual value plot (mg/g) of different phytochemicals present in the root of C. infortunatum has been constructed ( Figure 1 ). In Table 1 it is observed that among the estimated phytochemicals, phenol had the highest quantity (65.59±1.26 mg/g) followed by lipid (27.51±0.23 mg/g) and tannin (16.40±0.07 mg/100 g). The other phytochemicals, namely, flavonoid, total sugar and alkaloid were found in moderate amount, whereas carbohydrate, riboflavin and thiamine were present in satisfactory amount. 
Line plot and correlation pattern
The different phytochemicals of the reference data were compared to that of our findings. Only those phytochemicals that were present in all the comparative plants including our data were considered. Accordingly, a line plot has been constructed (Figure 2 ) with the present data. The present data have been correlated with those of the reference plant data, and accordingly, the correlation values are presented in Table 2 . From the line plot it is observed that the tannin and flavonoid value of the studied plant is comparable to most of the reference plants except those of the Jatropha genus. However, tannin content of C. infortunatum root is very close to that of L. cupanioides, whereas the flavonoid content is very close to C. bonplandianus. On the contrary, it can be seen that the alkaloid content of C. infortunatum root is very much comparable to that of the members of Jatropha genus. However, the alkaloid value of C. bonplandianus root is very much higher compared to our data. The phenolic content of C. infortunatum root is quite high compared to other reference plants but is slightly higher than that of C. bonplandianus root.
Hierarchical cluster analyses
Based on the quantitative phytochemical analyses of C. infortunatum root, the present data were compared with the data of other reference plants, and the Euclidean distance was computed using SPSS ver.15.0 software. The distance matrix has been represented in Table 3 . Based on the distance values, a neighbor joining dendogram has also been constructed as represented in Figure 3 . From the distance matrix it was observed that amongst the comparative reference plants, A. ferox has the shortest distance (1.646) from C. infortunatum, followed by E. viride. It is also evident from the matrix that J. curcas is the farthest neighbor of C. infortunatum. A more or less similar picture is also reflected from the dendogram (Figure 3) where it is seen that the members of the Jatropha genus share the same cluster, while the other cluster found prominently in the dendogram can be subdivided into two groups, one solely comprising Clerodendrum and the other subcluster comprising A. ferox, E. viride, H. welwitschii, J. gendarussa and L. cupanioides. Interestingly, C. bonplandianus occupies an outlier position in the dendogram.
Principal component analyses
From the PCA score plot (Figure 4) , it is observed that C. infortunatum occupied a position in the lower right quadrant but distantly placed from C. bonplandianum which is also present in the same quadrant. However, two different clusters were formed, one in the lower left quadrant comprising the members of the Jatropha family and the other in the upper right quadrant comprising the other reference plants.
Discussion
Nowadays, phytochemicals constitute the essential ingredients of phytomedicine, and therefore, their quantifications in different medicinal plants have gained interest among phytomedicinal researches. Therefore, our study totally focused on the identified and quantified major phytochemicals present in the root of C. infortunatum.
It is well known that secondary metabolites such as plant polyphenols are widely distributed in the plant kingdom, sometimes present in surprisingly high concentrations [20] . The results of the present study indicated that the amount of phenolic contents varied among plants of different families. The root of C. bonplandianus and J. gossypiifolia contained maximum phenolic content as compared to the other plants. These phenolic compounds act as free radical scavengers and thus help to protect cells from oxidative stress [21] [22] [23] and also demonstrated immunomodulatory activity by modulating cytokines and chemokines [24, 25] . Interestingly, it was observed from our study that the phenolic content of the root of C. infortunatum was comparatively higher than all of the reference plants (65.59 mg/g), thereby indicating that the root of this plant may gain importance in anti-cancer and immunomodulatory studies.
In the Fenton reaction, flavonoids as antioxidants interfere with biochemical pathways. Flavonoids are involved in scavenging of free-radicals as well as chelation of transition metals, thereby providing safeguard form oxidative stress [26] . The results of the present study reflected that the quantity of flavonoids vary from one plant to another plant that belongs to a different family. Flavonoids are one of the major classes of phytochemicals having antioxidant, anti-cancer and anti-aging properties [25] . Therefore, working as antioxidants, flavonoids are also involved in the regulation of various physicochemical behaviors of plants. In this study we found that the flavonoid content of our studied sample was 3.386 mg/g, which was comparatively higher than other reference plants except the members of the Jatropha famiy. However, the other reference plants except the members of Jatropha family have moderate flavonoid. Thus, the potent antitumor activities of the root of this plant, documented by other published reports, may be attributed to the moderate content of flavonoids as observed in our study [27] .
In our sample the alkaloid content was moderate in comparison to other reference plants. Published reports throughout the world have identified several alkaloids having diverse roles, among which, to mention a few, are morphine (analgesic), caffeine (central nervous system stimulant), Sanguinarine (antibacterial), vincristine and vinblastine (anti-cancer agents), reserpine (anti-hypersensitive) and quinine (anti-malarial agents) [28] . Thus, our studied specimen may prove moderately useful in the treatment of different pathophysiological conditions. However, further analyses are needed to be carried out to trace the nature of the alkaloid group present in the studied plant specimen.
Regression of viral activities has been found to be associated with the high content of tannin [29] . Synergistic effects of certain tannins with various antibiotics have been found beneficial against antibiotic-resistant bacteria [30] . Moreover, anti-cancer, anti-mutagenic and tumor promotion inhibitory activity have also been found to be associated with tannins [31] . We have documented very low tannin content in our sample (16.40 mg/100 g). Although recently published reports have documented the antibacterial properties in the leaf of C. infortunatum [32] , according to our results, the root of this plant may not have adequate antibacterial activities because of their very low content of tannin.
Antioxidant and ROS scavenging capacity of plant is primarily attributed to the presence of phenolic compounds as they have the ability to inhibit the formation of ROS by inhibiting the activation of redox sensitive transcription factor like nuclear-factor κB. Various plantderived phenolic compounds such as curcumin, genistein, resveratrol and catechins act as potent inhibitors of growth factors and signalling pathways associated with cancer [33] . Vitamins not only act as essential micronutrients but also play an important role in prevention of the diseases. Ascorbic acid has antioxidant and ROS scavenging activities, while riboflavin is essential for efficient metabolism of carbohydrate and also for normal growth and development. On the other hand, thiamine maintains the electrolyte balance of muscle and nerve cells.
Phytochemicals play a vital role in prevention of diseases. Thus, the presence of the above mentioned phytochemicals may account for the medicinal properties of C. infortunatum as documented in previously published reports [2, 4, 34, 35] .
Moreover, from both neighbor joining tree and PCA score plot, it was found that C. infortunatum has occupied a unique position in both the graphs, thereby signifying that the root of C. infortunatum have their own characteristic phytochemical constitution which indicates their unique phytomedicinal values.
Conclusions
The present study revealed the preliminary phytochemical constituents of C. infortunatum root. Bioactive phytochemical species such as phenolics, flavonoids, alkaloids and glycosides in addition to some essential vitamins were identified in the extract. The presence of such bioactive species is attributed to the medicinal properties of C. infortunatum. Comparisons of the phytochemical profile with other predominant medicinal plants of the same region revealed that C. infortunatum possesses superior phytochemical profile than that of the other plants. Interestingly, extract prepared from the root of C. infortunatum is extensively used to treat various ailments. However, pharmacognostic studies on C. infortunatum root are rare. The present study emphasized on the initial phytochemical screening of unexplored medicinal plants and analyzed the profile using multivariate statistics to establish a phytochemical standard for the medicinal plants. Though pharmacognostic studies demand further phytochemical fingerprinting through the chromatographic analysis, initial phytochemical screening could prove the ability to put forward the rationale behind the pharmacological activities of the medicinal plants.
